Vacuum chambers are necessary for the physics experiments planned to be carried out with the use of the J-PET detector. Two chambers manufactured and used for particular runs of experiments had generally cylindrical shapes, while the radioactive source was placed in the center of each chamber. The highly porous material, used as a target in which positrons/positronium atoms annihilate, was placed in the immediate vicinity of the source. Such orientation ensures the axially symmetrical response of J-PET scintillators and allows to carry out correct calibration. The variation of material used for manufacturing of the chambers (aluminum/plastic), allows to observe the detector response with various rates of absorption and scattering of annihilation quanta. Such determination is necessary for proper analysis of multi-quanta annihilation, which will be needed for planned experiments.
Introduction
Annihilation of positron (first well-known antimatter particle) with electron have found very wide range of applications in medicine and physics. Positron Emission Tomography (PET) is commonly used in tumor diagnosis. In most common version, the glucose marked with 18 F radionuclide is applied into patients body immediately before measurement, due to short lifetime (158, 29 (3) min) of given isotope. The marked glucose locates in tissues. Due to annihilation of positron and electron, two antiparallel quanta emitted from patient's body, with the energy of 511 keV each, are collected with the use of tomograph's ring consisted of scintillation detectors equipped with crystal scintillators. Collected data allow the reconstruction of position of altered tissues. It is based on the well-known fact that the metabolism rate of cancerous cells is much higher than normal ones. The difference in the number of registered annihilation events allows to determine the location and size of altered parts of organs.
Much more detailed information from annihilation process is used in material studies. Positron annihilation lifetime spectroscopy (PALS) can be used for determination of electron density/defects in metals and semiconductors [1] , size and concentration of free volumes [2] including porosity [3, 4] of investigated materials as well as their chemical activity. Positron applied into investigated sample from radioactive source thermalizes initially due to collisions with surrounding molecules and then, it can annihilate with one of the electrons or create with it (in non-conducting media) a quasistable state called positronium. It can occur in two states depending on mutual spin orientation of positron and electron: parapositronium (p-Ps), where spins are antiparallel, and orthopositronium (o-Ps) with parallel spins. These two forms can be distinguished as well as unbound positrons by measuring the time distance between positron emission from radioactive nuclide and positron/positronium annihilation. In a standard approach, positrons are obtained from 22 Na radioactive source, in which the γ quantum with energy of 1274 keV is emitted right after positron creation. Registration of such a quantum is used as a "START" signal, while the "STOP" one is taken from registration of annihilation quantum. Then, the respective fractions of positrons/positronium can be determined. During annihilation of electrons with unbound positrons, the 99,7% of events came from 2 quanta annihilation, while the measured lifetimes are in the range of 100 ÷ 500 ps. Parapositronium annihilates mainly emitting 2 quanta with the average lifetime of 125 ps. Orthopositronium can annihilate with emission of 3 (intrinsic annihilation) or 2 quanta, due to "pick-off" process [5] . The 3 quanta/2 quanta ratio depends on porosity of investigated material [6] or various effects such as quenching [7, 8] , inhibition [9] etc. However, the character of annihilation, such as a number of quanta registered during particular, well-known, annihilation processes should be preserved. Violation of this character would testify various symmetry breaking [10] [11] [12] , which would be one of fundamental aspects in physics research.
The J-PET detector [13] [14] [15] is a prototype positron emission tomograph, in which a narrow ring of crystal scintillators was replaced with elongated plastic scintillators surrounding patient's body. The position of hitting the scintillator strip with the quantum is determined from comparison of time response from two photomultipliers placed at its endings. The elongation of the scintillators results in the increase of probability of their crossing with the plain of annihilation. Such a construction may be convenient for both: medical purposes [16] [17] [18] [19] and for physics researches [20] [21] [22] [23] [24] [25] due to high probability of multi-quanta registration, which could not be obtained with the use of standard narrow tomographs.
Basic assumptions and selection of target material
In order to investigate the symmetry violation with J-PET detector, the most important is reaching the highest possible value of the 3 quanta/2 quanta ratio. Therefore, it is necessary to use the highly porous material as a target in which positrons/positronium annihilate and prevent the interaction with scavenger molecules like air, which can reduce the number of registered 3 quanta events by o-Ps quenching. This leads to placing the porous material inside a vacuum chamber. Trial of combining J-PET with positron beam would cause many difficulties due to sizes of both devices. Therefore, using the standard positron source was proposed. In conventional measurements, the mostly used is sandwich orientation, in which a flat positron source is placed between two identical layers of investigated material. The thickness of the target should be chosen to ensure that all positrons/positronium from the source will annihilate inside of it [26] , but no additional effects disturbing image reconstruction would be caused. In order to choose a target material, a group of several well-known porous materials e.g. polymers/silicas (including porous aerogels) were investigated with the use of porosimetric techniques i.e. liquid nitrogen sorption and PALS [27] [28] [29] [30] . The 3 quanta/2 quanta ratio was additionally determined with the use of HPGe semiconductor detector and the procedure described in [31] . For experiments, the porous XAD-4 polymer (Amberlite), with the 3 quanta/2 quanta ratio of 24.44(24)% (as received from energy spectra of HPGe detector) was chosen.
Distinguishing 2 and 3 quanta annihilation with the use of scintillation detector with crystal scintillators like BaF 2 is based on determination of the energy of quanta. In 2 quanta annihilation, this energy is 511 keV, while in the case of annihilation with the emission of 3 or more quanta, the total energy of 1022 keV is divided into particular quanta depending on their angular distribution. Therefore, the energy of registered quanta in this case is always lower than 511 keV. However, plastic scintillators used in the J-PET tomograph exclude energy measurement. The only possibility of multi-quanta determination is to register all quanta from each annihilation event. This requires maximal reduction of annihilation quanta absorption and scattering. Therefore, proposed chambers need to be characterized by thin walls made of material with low atomic number. This excludes the use of steel which results in an inability of use knife-edge seals with copper gaskets. Therefore, the chamber can be sealed only with the use of rubber orings, which determines the maximal vacuum level that can be reached at the order of ∼ 10 −5 Pa. Additionally, it should be noticed that whole chamber should be axially symmetrical ensuring uniform response of all scintillators.
Technical aspects
Two kinds of materials were taken into account for chamber construction: aluminum and plastic. A series of tests were conducted in order to determine the lowest possible absorption of the quanta emitted during annihilation. The first proposed chamber was prepared from aluminum which combines high mechanical durability with a low Z number. The scheme of the chamber is presented in Fig. 1 . The place dedicated for target mate- rial surrounding positron source was located in the center of the internal "bucket". The thickness of its walls was about 0.4 mm, which was the least that could be manufactured. Slight thickening of the wall in central section determined clearly the positioning of the source. The bucket was placed inside a bigger, external chamber connected to vacuum supply system by steel pipes, which also set the whole chamber in the axis of J-PET detector. The pipes and thick aluminum seals sealed with rubber o-rings were moved away from the central area ensuring that none of the annihilation quanta that can reach the scintillation strips would go through that thickening (Fig. 2) . Both, internal and external, chambers reached in the "active" area the maximal total thickness of 1 mm. The absorption of quanta were measured for this chamber construction by collecting γ and X-ray spectra from 152 Eu isotope with HPGe detector with and without the presence of the chamber. Spectra were normalized and then, the relative transmission was calculated for each energy peak. The results presented in Fig. 3 show that even such thin aluminum walls caused quite high absorption of quanta reaching about 50% for the energy less than 50 keV. Such high absorption excludes the usage of aluminum as a chamber material. Further reduction of atomic number of the material dedicated for the chamber was possible by the use of plastics. Therefore, steps were taken in order to check feasibility of such materials. The samples of various plastics with initial thickness of 4 mm were used to test the low absorption material of γ and X-ray quanta from the source consisted of 152 Eu and 22 Na isotopes. Such a configuration increased the accuracy of the measurements in the low-energy range. The spectra for all the absorbents were normalized to the 511 keV peak, for which no significant absorption was noticed in the measurements for the first chamber. The values of the relative transmission for each of measured energy are shown in Fig. 4 (a) . It is clearly visible that the absorption of quanta for investigated plastic samples was significantly smaller than for the four times thinner aluminum layer. The highest absorption value for investigated plastic samples reached 24.1(19) % for POM-C at the energy of 168 keV. Such an energy corresponds probably to the backscattering peak for the particular source. The results let to exclude POM-C as a plastic with the highest absorption. From the rest of materials, the PA6 plastic was chosen due to high durability and ease of processing. The results for the transmission tests, in the same configuration as previously, with PA6 samples of various thickness are presented in Fig. 4 (b) . It was shown that reduction of material thickness Fig. 4 . Transmission of γ and X-ray quanta for: (a) various plastic materials, (b) PA6 plastic with various thickness. The investigated spectra were normalized to the 511 keV energy peak. even to 2.6 mm caused the decrease of absorption value below 10% which is significant improvement compared with the aluminum chamber. Additionally, the average absorption is lower than 5% even in the low-energy range. The scheme of the second chamber, manufactured with the use of PA6 plastic, is presented in Fig. 5 . The thickness of the sample layer was the same as previously, while the thickness of chamber walls in the active range of the detector was 0.6 mm. After filling the internal area with the sample surrounding the source, the plastic partition was placed to close the sample area. The thickness of the partition and the chamber walls were chosen to ensure uniform thickness of the chamber in the whole active range. Despite the small thickness of the walls, the chamber had been successfully attached to the vacuum supply system and the air had been pumped out from the chamber with the use of turbomolecular pump without any damages of the chamber. 
Conclusions
Two vacuum chambers suitable for the J-PET detector were manufactured and tested. Localization of the target sample in the vicinity of the positron source was necessary to obtain symmetrical response of the tomography which allowed proper calibration. It was shown that the use of aluminum as a material for the chamber was improper due to high absorption of annihilation quanta which would disturb the multi-quanta reconstruction. The plastic chamber with low absorption rate was manufactured in order to improve the number of registered quanta from multi-quanta events. The annihilation experiments with the use of these chambers were necessary for a proper calibration of J-PET detector and improvement of its parameters. This is important due to plans of conducting the measurements with testing discrete symmetries in physics.
